REPORT DATE (DD-MM-YYYY)
15 October 2014 
REPORT TYPE

Final Report
DATES COVERED (From -
To
PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES)
UNIVERSITEIT TWENTE DRIENLLOLAAN 5 ENSCHDE, 7522 NB NETHERLANDS
PERFORMING ORGANIZATION REPORT NUMBER
N/A
SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES)
EOARD Unit 4515 APO AE 09421-4515
Grant FA8655-10-1-3077 "The possibility of improved and higher Tc superconductors in hybrid systems" Researcher Debakanta Samal.
Achievements:
Dr. Samal has started using the PLD equipment and is familiarizing himself with the characterization tools such as XRD, AFM and PPMS.
-First deposition of Sr2RuO4 thin films. P-wave superconductor for heterostructures with other symmetry superconductors.
-First deposition of tetragonal CuO. A series will be prepared for analysis by XMLD in order to verify the Neel temperature of this metastable phase. In principle it should be higher than tenorite, pointing to a possible higher Tc upon doping.
Project decription:
The goal is to search for T c enhancement by proximity in hybrid thin film systems. The samples under investigation are, for example, artificially layered heterostructures, whereby doping is varied in a controlled manner across interfaces going from underdoped on one side of the interface to overdoped on the other side. In order to be successful one has to be able to create atomically sharp interface, without cation intermixing. One can think of samples with single interfaces and samples with multiple interfaces, through multilayering. The Twente group has an excellent track record on the fabrication of such multilayer structures by means of Pulsed Laser Deposition, monitored by high pressure RHEED. The advantage of PLD is the flexibility of materials systems that can be chosen, therefore making a quite extensive search possible. The group has shown in the past that even meta-stable crystal structures can be made in the case of multi layering of the infinite layer compounds ACuO 2 where A=Ba, Sr, Ca, and block-by-block synthesis of YBCO systems, where charge neutral blocks are deposited sequentially with the overall stoichiometry of the compound that has to be formed, pointing to the multitude of possibilities. Proof of principle will be achieved when T c 's are measured which exceed the value of the optimally doped parent compounds. However, extensive experimental procedures have to be implemented to establish the true nature of the enhancement, whether it be chemical, physical or both, if successful.
Systems that are of interest are:
1. Another route to achieve aforementioned heterostructures is by looking at phase separated thin films where regions of overdoping and underdoping can be found. In such case local scanning probes would have to be implemented to probe local variations in T c . A means to control this phase-separation would be by looking carefully at crystal termination planes, where growth kinetics depends upon which crystal plane forms the topmost layer of the crystal. In common, the structural paradigm of high temperature cuprate superconductors is found to consist of CuO 2 planes separated by charge reservoir layers. Such structural model continues to spur researchers to artificially tailor-make likewise structures that can exhibit superconductivity. However, it has always been a hard-nut to control and measure the structure of the oxygen sub-lattice precisely in thin films and heterostrutures; which plays a pivotal role to influence the structure-property affair in complex oxide thin films. We have focused our study to effectively control the oxygen position surrounding the copper ion in ultrathin cuprate films and look for new electronic functionality in the cuprate based heterostructures.
The parent structure of tetragonal SrCuO 2 (SCO) consists of dipole like oppositely charged alternating Sr 2+ and CuO 2 -2 planes and hence polar in nature. The electrostatic energy due to the existing dipole-like layers in polar systems depends on the film thickness and, when it is too large, the thin film system responds to it either by electronic redistribution or atomic rearrangement. We demonstrate with detailed structural and spectroscopic investigation that by varying precisely the thickness of SCO layers grown on SrTiO 3 , one can re-arrange the oxygen ions. In particular, we show that it is possible move the oxygen ion from CuO 2 plane to Sr plane and, thereby making the structure to consist of charge neutral SrO and CuO layers. This phenomenon turns out to be a direct response of a polar cuprate system to electrostatic instability and reveals that the oxygen sub-lattice in cuprates can be effectively engineered giving each layer a specific function, for example, current-carrying layers, charge reservoirs and scaffolding layers. From magnetic point of view, the plane and chain-type SrCuO 2 layers exhibit sharply distinct behavior in terms of their magnetic excitations as observed from RIXS. Besides, we have demonstrated the realization of high-Tc superconductivity (Fig.5 ) in the artificial cuprate based heterostructures, where the chain-like ultrathin layer is sandwiched between planar layers (mimicking the structural model in bulk cuprates). The spectroscopic signature for Zhang-Rice singlet indicates hole doping for the observed superconductivity. However, it has to be emphasized that when the chain like cuprate layer is replaced by ultrathin perosvkite layers such as SrTiO3 or SrRuO3, the superconductivity is not found. (Fig.4) . Captions: Fig.1 shows the scanning transmission electron microscopy (STEM) image that clearly distinguishes the presence of apical oxygen in the 3 unit cell (uc) chain-type SrCuO 2 layer as opposed to the planar 8 uc SrCuO 2 layer. Fig.2 shows the results of X-ray photo electron diffraction study between chain-type (3 uc) and plane type (9 uc) SCO layers. Clearly, an increase in c-axis lattice parameter is observed for 3 uc SCO layer as compared to 9 uc layer. The CuO in its bulk form is at variance in crystal structure and magnetic properties as compared to other transition metal monoxides in the same family. While MnO, FeO, CoO and NiO are stabilized in the rock salt crystal structure, CuO stabilizes itself in the monoclinic phase with relatively lower antiferromagnetic Neel temperature. Were it in the form of rock-salt structure, it would have been a potential candidate for doping experiment to look for high T c superconductivity. Our investigation on the growth of ultrathin CuO films reveals the stabilization of a tetragonal rocksalt structure with an elongated c-axis such that c/a~1.34 and the Cu-O-Cu bond angle ~180°, pointing to a metastable six-fold coordinated Cu. X-ray absorption spectroscopy demonstrates that the hole at the Cu site for the CuO is localized in 3d x 2 -y 2 orbital unlike the monoclinic CuO bulk-phase. The experimental confirmation of the tetragonal structure of CuO opens up new avenues to explore electronic and magnetic properties of six-fold coordinated Cu. Indeed, our preliminary investigation using RIXS indicates the ant ferromagnetic ground state for this novel phase. However, further studies are underway to unravel the details. Besides, interfacial doping experiments are underway to realize the possibility for high T c superconductivity in this novel phase of CuO. Distribution A: Approved for public release; distribution is unlimited.
